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Abstract
Pest and disease management is one of the major challenges faced on a daily basis in the Morris Arboretum
greenhouse complex. However, the relatively high turnover rate of interns, volunteers, and seasonal staff
means that many of the people working in the facilities aren’t trained to be effective scouts or agents of pest
and disease control. Increasing the number of people who are able to identify key pests and diseases has the
potential to reduce the number and severity of pest and disease outbreaks that are faced each year. The
purpose of this project is to create a guidebook for identifying and controlling the pests and diseases that are
encountered most often in the greenhouses. Aside from illustrative photographs, the guide includes concise
information on appearance, life cycle, common hosts, and characteristic damage, as well as a consolidated list
of control options that are suited to our particular site. Due to the limited use of chemical pesticides in the
greenhouse complex, emphasis is placed on biological control methods.
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ABSTRACT: 
Pest and disease management is one of the major challenges faced on a daily basis in the 
Morris Arboretum greenhouse complex. However, the relatively high turnover rate of interns, 
volunteers, and seasonal staff means that many of the people working in the facilities aren’t 
trained to be effective scouts or agents of pest and disease control. Increasing the number of 
people who are able to identify key pests and diseases has the potential to reduce the number and 
severity of pest and disease outbreaks that are faced each year. The purpose of this project is to 
create a guidebook for identifying and controlling the pests and diseases that are encountered 
most often in the greenhouses. Aside from illustrative photographs, the guide includes concise 
information on appearance, life cycle, common hosts, and characteristic damage, as well as a 
consolidated list of control options that are suited to our particular site. Due to the limited use of 
chemical pesticides in the greenhouse complex, emphasis is placed on biological control 
methods.  
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INTRODUCTION 
 
Scouting for pests and diseases is a daily event in the greenhouses at the Morris 
Arboretum. However, volunteers are often untrained with regard to pest and disease 
management, and the propagation and plant protection interns are replaced each year with new 
individuals that may have no knowledge on the subject. This means that many of the people 
working on the premises at any given time are ill-equipped for the job, lacking the skills and 
experience necessary to effectively identify, control, or even notice pests and diseases on the 
plants they’re handling.  Yet due to the tedious nature of examining each plant for signs and 
symptoms and the tendency to overlook plants that you see every day, increasing the number of 
effective scouts is crucial to reducing pest and disease pressure. 
 
Many print and online resources on this topic already exist and are used in the 
greenhouse on a semi-regular basis. The main objective for this project, though, is to create a 
reference guide that is specific to the facilities at the Morris Arboretum and customized to the 
goals of the institution. For example, we tend to have a higher threshold for damage from pests 
because we aren’t trying to meet the aesthetic demands of the marketplace. In addition, many of 
the techniques utilized by commercial greenhouses are not practical in a place where no specific 
crop is grown and only a few individuals of each plant species are present. The guide is not 
meant to be comprehensive because that would undermine it usefulness as a quick reference. 
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METHODS 
 
In order to create a reference guide that could be used by future greenhouse volunteers 
and staff, it was necessary to first come up with a list of the most common and/or most damaging 
pests and diseases. This was accomplished by consulting with current greenhouse staff members 
and by reviewing past scouting logs. The scouting logs were particularly helpful because they 
provided a weekly snapshot of which plants were afflicted by which pests, including the location 
of the plant and an estimate of how much of the plant had been colonized by the pest or disease. 
Eventually eleven classes of pests and diseases were determined to have the most impact. 
However, due to the difficulty in identifying many insects down to the species or even genus, the 
list was made using the common industry terminology for the pests and diseases. The following 
list includes the final selections, including the Latin names for the known species. 
 
Pest Class Latin Name 
Aphids  Myzus persicae (green peach aphid) 
Fungus Gnats Bradysia, Orfelia, & Lycoriella species 
Mealybug Pseudococcus longispinus (long-tailed mealybug) 
Scale Coccus hesperidium (brown soft scale) 
Saissetia coffeae (hemispherical scale) 
Ceroplastes species (wax scale) 
Pulvinaria acericola (cottony maple scale) 
Pulvinaria floccifera (cottony camellia scale) 
Pinnaspis aspidistrae (fern scale) 
Lepidosaphes ulmi (oystershell scale) 
Spider Mites  Tetranychus urticae (two-spotted spider mite) 
Tarsonemid Mites Phytonemus pallidus (cyclamen mite) 
Polyphagotarsonemus latus (broad mite) 
Thrips Echinothrips americanus (echinothrips) 
Heliothrips haemorrhoidalis (greenhouse thrips) 
Whitefly Trialeurodes vaporarium (greenhouse whitefly) 
  
Disease Pathogen 
Downy Mildew Peronosporaceae species (water mold) 
Peach Leaf Curl Taphrina deformans (fungus) 
Powdery Mildew Erysiphales species (fungus) 
 
Each class of pest or disease on this list is dedicated one to two pages on which the 
following characteristics are summarized: species, common hosts, expected locations (such as 
the fernery, hoop houses, or propagation room), primary seasons, appearance, life cycle, damage, 
and control methods. Pictures and diagrams are included on each page to illustrate these 
characteristics. While effort was made to include as many photos as possible from the plants in 
our care, it was often necessary to use pictures from other resources to achieve the magnification 
necessary for a clear picture.  
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In terms of control, mechanical, chemical, and biological options are provided. Chemical 
pesticides and fungicides apart from insecticidal soap and horticultural oil were not considered 
because (1) information regarding these products is often obsolete after very little time and (2) 
they are rarely used in our pest and disease management program. Also, the biological control 
options presented in the reference guide are not a comprehensive list of the products currently 
available because many of them are not effective solutions in our particular circumstances. 
Instead, there are only entries on the biological control products that we have used or intend to 
use. It was more important to make the book concise and useful on a day-to-day basis than to 
provide all potentially relevant information. Due to the nature of biological controls, it was also 
necessary to include some limited information regarding their identification and instructions for 
use. The following is a list of beneficial insects that were dedicated space in the book: 
 
Pest Class Controlled Beneficial Species 
Aphids Aphelinus abdominalis (parasitic wasp) 
Aphidius colemani (parasitic wasp) 
Aphidius ervi (parasitic wasp) 
Aphidius matricariae (parasitic wasp) 
Chrysoperla/Chrysopa spp. (green lacewings) 
Fungus Gnats  Steinernema feltiae (parasitic nematode) 
Stratiolaelaps scimitus (predatory mite) 
Mealybug Chrysoperla/Chrysopa spp. (green lacewings) 
Spider Mites Amblyseius fallacis (predatory mite) 
Phytoseiulus persimilis (predatory mite) 
Tarsonemid Mites Amblyseius californicus (predatory mite) 
Amblyseius cucumeris (predatory mite) 
Amblyseius swirskii (predatory mite) 
Whitefly Encarsia formosa (parasitic wasp) 
Eretmocerus eremicus (parasitic wasp) 
 
Much of the information regarding biological controls was gathered by attending two 
conferences on the topic – one in Baltimore in August and another in Lancaster in November – 
as well as meeting with various professionals in the industry. Representatives from NorthCreek 
Nurseries, PeaceTree Farms, New York Botanical Garden, BioBest, and BioWorks were 
particularly helpful in addition to a meeting with a private consultant named Suzanne 
Wainwright-Evans. 
 
Aside from the identification and control information for each pest and disease, I also 
found it useful to include an introduction and appendix to the book. The introduction includes 
general concepts and tips for scouting, prevention, and control while the appendix offers a chart 
of our most important annual pest outbreaks by season and location (see figure 1). 
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Figure 1: Pest & Disease Pressures by Season 
 
Spring 
(March-June) 
Summer  
(June-September) 
Fall  
(September-December) 
Winter  
(December-March) 
Green peach aphids on 
succulents and herbaceous 
plants (Glass Rooms) 
  
Green peach aphids on 
succulents and herbaceous 
plants (Glass Rooms) 
Black aphids on ferns 
(Fernery, Glass Rooms) 
Black aphids on ferns 
(Fernery) 
Black aphids on ferns 
(Fernery) 
Black aphids on ferns 
(Fernery, Glass Rooms) 
  Fungus Gnats on amaryllis 
bulbs (Glass Rooms) 
Fungus Gnats on amaryllis 
bulbs (Glass Rooms) 
Long-tailed mealybug 
(Glass Rooms, Pit House, 
Fernery) 
Long-tailed mealybug 
(Fernery) 
Long-tailed mealybug 
(Fernery) 
Long-tailed mealybug 
(Glass Rooms, Pit House, 
Fernery) 
Mealybug on rhododendrons 
(Hoop Houses) 
  
 
Scale (Glass Rooms, 
Fernery, Pit House, Hoop 
Houses) 
Scale (Glass Rooms, 
Fernery, Hoop Houses, 
Outside) 
Scale (Glass Rooms, 
Fernery, Hoop Houses, 
Outside) 
Scale (Glass Rooms, 
Fernery, Pit House) 
TSSM (Hoop Houses, 
Medicinal House) 
 TSSM (Hoop Houses, 
Outside) 
 
Tarsonemids on brugmansia 
(Glass Rooms) 
Tarsonemids on brugmansia 
(Outside) 
  
 
Echinothrips (Hoop Houses, 
Outside) 
Echinothrips (Hoop Houses, 
Outside) 
 
Greenhouse thrips (Glass 
Rooms) 
  
Greenhouse thrips (Glass 
Rooms) 
Greenhouse whitefly (Glass 
Rooms) 
 
Greenhouse whitefly (Glass 
Rooms) 
Greenhouse whitefly (Glass 
Rooms) 
Peach leaf curl on flowering 
cherries (Outside) 
Peach leaf curl on flowering 
cherries (Outside) 
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RECOMMENDATIONS 
All members of the greenhouse staff learned new concepts in the field of pest and disease 
management throughout the course of this project. The list below includes a few specific items 
that I found to be particularly important in my research and that I would like to emphasize here 
in no particular order. 
 
1. Rootshield Plus – This product, made by BioWorks, is a biological fungicide used to 
control root-borne diseases like Phytophthora, Rhizoctonia, Pythium, Fusarium, etc.  
When I started working in the greenhouse, Rootshield Plus granules were only mixed into 
media for seeds and cuttings.  After talking with representatives from BioWorks and 
owners of other greenhouses during a conference, though, we discovered that it can and 
should be used more broadly. The granules should be mixed into all media for 
propagation and potting and the wettable powder should be used as a drench in between 
granular applications. 
 
2. Dipping cuttings – Another technique used by commercial propagators is dipping 
cuttings in some type of pesticide before sticking them. In our case the pesticide is 
horticultural oil diluted to 0.5%. This is important because even if cuttings don’t exhibit 
visible signs of pest presence upon arrival, the environmental conditions of our 
propagation room might induce small pest populations to emerge and reproduce. Dipping 
cuttings in oil before they are stuck is better than spraying them with oil after pests are 
noticed because (a) full coverage can be achieved and (b) the cuttings haven’t had a 
chance to put on tender new growth that might be ill-affected by the oil. It should be 
noted, though, that process of dipping cuttings should be very brief. Immersing cuttings 
in the oil mixture for more than a moment or two can cause them unnecessary stress. 
Some discretion should be used to avoid exposing extremely sensitive plant species to oil. 
 
3. BioBoxes – These foldable hanging cardboard boxes are valuable for elevating beneficial 
insects and arthropods to the same level as the pests. Before discovering these boxes, we 
were only able to sprinkle the beneficials on top of leaves and pots and hope they 
wouldn’t fall off or become sodden after watering. BioBoxes are particularly crucial 
when releasing beneficial insects that have a parasitic function, such as Aphidius species 
for aphids or Encarsia formosa for whitefly because the parasites are delivered as 
“mummies” and require a few days to fully emerge. These boxes do have a few 
drawbacks, though. They are not waterproof, can have holes in the bottom as a result of 
their folding feature, and have a tendency to tear or fall off plants because of their 
lightweight construction. In reality, a better product probably exists and might prove to 
be a worthwhile investment. 
 
4. Ant control – Ants are a side effect of having honeydew-producing pests, such as aphids, 
soft scales, mealybugs, and whitefly. As these pests feed, the ratio of proteins to sugars in 
plant sap is not the same as is required by the pests, so the excess sugars are excreted in 
the form of honeydew. The ants, in turn, protect the honeydew-producing pests, even 
going so far as to carry them around to more secure areas. If ants aren’t controlled before 
releasing beneficial insect, then the ants will fight the beneficials and drastically reduce 
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their effectiveness. Ant bait such as boric acid should be used to reduce ant populations 
before attempting to use biological controls. 
 
5. Record keeping – Keeping accurate logs of all pest- and disease- related happenings in 
the greenhouses is time consuming and inconvenient. However, this project has shown 
the importance of maintaining this information in the long-term. More effort should be 
made to keep track of pests, their location, the date of sighting, and any controls methods 
used. It is also useful to note when fertilizer applications take place, when trap or 
indicator seeds are planted, when sticky cards are hung, and when preventative 
beneficials are released. Improving the manner in which we log this information might 
make record-keeping more consistent. For example, it might be easier to keep a clipboard 
with a log sheet on the wall rather than logging items into an excel sheet on the shared 
drive because a clipboard is more accessible and convenient. Regardless, this is an area 
for continued improvement. 
 
6. Training volunteers – The greenhouse is lucky enough to have some amazing volunteers 
that often run out of work to do and are eager to help out in any way possible. By training 
volunteers to scout, they would not only be able to recognize pests on the plants they are 
potting up but also be able to help monitor during seasons when other tasks are 
impossible. Volunteers make up a large part of our work-force and often stay at the 
arboretum much longer than seasonal staff and interns. A short investment of time to 
train them in pest and disease management could make them even more valuable than 
they already are.  
  
7. New biological options and applications – While learning about all of the biological 
control products on the market I was pleasantly surprised to find that my supervisor. 
Shelley Dillard, and fellow greenhouse staff member, Steve Pyne, were both remarkably 
well-versed in the products available for pest control. Remaining up-to-date on biological 
control methods is important, though. New beneficials and new ways of using those 
beneficials are being discovered all the time and as more and more chemical pesticides 
are restricted or eliminated from use, the industry will put greater emphasis on those 
biological alternatives. While the end product of this project is a printed guide, it should 
not impede its users from researching and adopting new techniques for pest and disease 
management in the future. 
 
 
CONCLUSION 
 
The Morris Arboretum greenhouse attracts people from extremely varied backgrounds, 
but pests and pathogens refuse to wait for new people to be trained. Hopefully this reference 
guide will allow those with even very limited experience to contribute more fully to our pest and 
disease management program. 
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